Kawasaki disease (KD) is a systemic vasculitis that predominantly affects infants and young children that are 6 months to 5 years old and has become the leading cause of acquired heart disease among children (1) . Although many studies have been performed since the fi rst description of KD in 1967, the etiology of the disease remains unclear, and there is currently no specifi c laboratory diagnostic test for KD (2) . Some researchers have reported that the incidence of KD has increased in recent years (3) (4) . A large number of epidemiological and clinical observations have indicated that infectious microorganisms might contribute to KD. Human adenovirus, mycoplasma, streptococci, retroviruses, Epstein-Barr virus, and parainfl uenza type 3 have been implicated in the etiology of KD (5) (6) (7) (8) (9) (10) . In this present study, we explored whether the infl uenza virus represents a candidate KD pathogen through a retrospective study.
METHODS
The medical records of 1,053 KD patients and 4,669 infl uenza infection patients that were hospitalized from January 1, 2011 to December 31, 2013 at our institute (Guangzhou Women and Children's Medical Center, Guangzhou, China) were collected. The diagnosis of KD was made according to the 2004 American Heart Association (AHA) guidelines. Patients with 2 to 3 principal clinical features of KD and unexplained fever for 5 days as well as abnormal laboratory values were classifi ed as exhibiting incomplete KD (11) . Patients with persistent or recrudescent fever in the 48 hours following intravenous immunoglobulin (IVIG) treatments were defi ned as IVIG-resistant cases (12) . It should be noted that patients with infl uenza only were not treated with IVIG.
Routine and biochemical detection
Kawasaki disease patients underwent blood tests for the following parameters on the fi rst day of hospitalization before receiving treatment: white blood cell (WBC), polymorphonuclear leukocytes (PMN), C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), albumin (ALB), alanine aminotransferase (ALT), aspartate aminotransferase (AST), and creatine kinase isoenzyme (CK-MB).
Pathogen detection
Hospitalized patients underwent serologic IgM tests for the detection of respiratory pathogens (mycoplasma, chlamydia,
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infl uenza A and B, adenovirus, respiratory syncytial virus, and Epstein Barr virus) by immunofl uorescence assay (IFA) and pharyngeal swab tests for the detection of infl uenza virus, adenovirus, respiratory syncytial virus and enteric viruses by fl uorescent polymerase chain reaction technology. Patients with diarrhea were tested for rotavirus by reverse transcription polymerase chain reaction (RT-PCR) and for Shigella using a coagglutination assay.
Grouping and observation index
KD + Flu group: KD patients positive for infl uenza A or/ and B virus but no other detectable pathogens comprised the KD + Flu group. Fifteen patients were classifi ed as KD + Flu cases, including 9 boys and 6 girls aged 2 months to 4 years with a mean age of 2 years.
KD group: each KD + Flu case was matched with 2 pathogen-negative KD patients with respect to age, gender, and date of hospitalization (± 3 weeks). The match cases included 18 boys and 12 girls aged 4 months to 4 years with a mean age of 1.9 years. These patients comprised the KD group.
Flu group: each KD + Flu case was matched with 2 patients positive for infl uenza A or/and B virus but no other detectable pathogens with respect to age, gender, and date of hospitalization (± 3 weeks). The matched cases included 18 boys and 12 girls aged 5 months to 4 years with a mean age of 2 years. These patients comprised the Flu group.
The above three groups were included in our independent sample design. The age, sex and hospitalization time of two latter groups were matched with the KD + Flu group for comparability. Differences in the clinical manifestations, course of disease, incomplete KD rate, IVIG resistance rate, and coronary artery complications rate between the KD + Flu group and KD group as well as the fever duration and laboratory test results of these three groups were compared using statistical methods.
Descriptive analysis was performed using frequency distributions. Means, standard deviations, medians and interquartile ranges (IQ range) were used to summarize the patients' demographic and baseline characteristics. Fisher's exact test was used for qualitative variables as appropriate. The KruskalWallis analysis was used for continuous va riables; when the null hypothesis was rejected, we use Bonferroni for multiple comparisons.
A 2-tailed p value ≤ 0.05 was considered signifi cant for comparisons among the three groups. A 2-tailed p value ≤ 0.0167% (Z > 2.93) was considered signifi cant for comparisons between any two of the three groups. The Statistical Package for the Social Sciences 19.0 (IBM SPSS 19.0) was used for data analysis.
Of the 1,053 total KD cases, 705 patients underwent tests for common respiratory pathogens. Of these, 34 cases were positive for infl uenza virus, including 23 infl uenza A infections and 11 infl uenza B infections. The rate of KD with concomitant influenza was 4.8% (34/705). Among these 34 patients, 11 patients were only infected with infl uenza A virus, 4 patients were only infected with infl uenza B virus, and 19 patients were also infected other pathogens, including mycoplasma, chlamydia, adenovirus, respiratory syncytial virus and Epstein Barr virus. The seasonal variations of the three groups are presented in Figure 1 , Figure 2 and Figure 3 . As the fi gures demonstrate, the following common trends were observed: 1) The number of patients steadily increased from January to April and then declined. 2) The number of patients observed in the spring and summer accounted for a larger proportion of the total cases. Moreover, when analyzing the number of patients each month using Pearson's correlation analysis, we observed that the correlation between the KD group and the KD + Flu group was signifi cant (r = 0.92, p value < 0.01), which partly supports their relationships with respect to seasonal variation.
The clinical manifestations of infl uenza patients in the Flu group included fever, runny nose and stuffy nose. The principal clinical manifestations of the KD patients included fever, bilateral conjunctival injection, mucosal changes, polymorphous rash, changes in the extremities and cervical lymphadenopathy. Therefore, we were only able to compare the duration of fever between the three groups. The mean fever durations (SD) of the KD + Flu group, KD group, and Flu group were 9.13h (4.98), 6.4h (1.76) and 3.2h (1.21), respectively. The fever durations of the KD + Flu group and KD group were longer than that of the Flu group (p value < 0.01, p value < 0.01).
In addition to the infl uenza symptoms, patients in the KD + Flu group exhibited other changes in KD symptoms. We summarized and compared the clinical presentation, clinical course and outcomes of the KD + Flu group and KD group in Table 1 . The morbidity rate of incomplete KD was higher in the KD + Flu group compared with the KD group (40% vs. 10%, p value = 0.04). Bilateral conjunctival injection was documented more frequently in the KD group than in the KD + Flu group (100% vs. 80%, p value = 0.03). Furthermore, the time required to diagnose patients in the KD + Flu group was longer than the time required to diagnose patients with KD alone (6 vs. 5d, p value =0.03). In summary, atypical symptoms led to an increased rate of incomplete KD, which resulted in a greater time to diagnosis. No statistically difference was observed regarding the occurrence of cardiovascular complications between these two groups.
In addition to CK-MB, the majority of the laboratory values in the three groups summarized in Table 2 were abnormal. The numbers of cases with abnormal CK-MB values were 3, 0 and 12 in the KD + Flu, KD and Flu groups, respectively, indicating that CK-MB abnormalities were more common in the KD + Flu group and Flu group than in the KD group (p value < 0.05, p value <0.05, respectively). concerning infl uenza with concomitant KD, but the details about the impact of infl uenza on KD are limited (13) . In the present study, we used a case-controlled study design with the goal of providing more details regarding the role of infl uenza in KD.
The rationale for an infectious etiology is largely based on the epidemiologic features of KD (14) . The seasonal variation of KD patients indicates that an infectious pathogen might be relevant to the etiology of KD. In this study, we observed that the epidemiological features of KD and infl uenza were similar. First, both KD and infl uenza affected children aged 6 months to 5 years. Second, like most infectious diseases, these diseases are self-limiting and exhibit similar clinical courses. Third, cases of KD with concomitant infl uenza tend to cluster temporally and have a predilection for spring and summer. As Figure 1 , Figure 2 and Figure 3 demonstrate, the seasonal variation of the KD + Flu, KD and Flu groups are similar, suggesting that there might be a close relationship between KD and infl uenza. The infl uenza virus is a representative of the Orthomyxoviridae family and includes infl uenza viruses A, B and C. Mild and avirulent viruses infect only the throat and lungs because their hemagglutinin is only cleaved by proteases localized to the throat and lungs. Hemagglutinin can be cleaved by a wide variety of proteases in highly virulent strains, such as H5N1, allowing the virus to spread throughout the body. Infl uenza-infected cells produce large amounts of proinfl ammatory cytokines and chemokines, such as interferon and tumor necrosis factor (15) . This massive immune response can cause a life-threatening cytokine storm. Others have suggested that tumor necrosis factor can contribute to the formation of coronary lesions and coronary aneurysms (16) . These cytokines or infl ammatory mediators can damage the vascular endothelium, which aggravates or causes KD coronary artery complications. In our study, the CRP and ESR values in the KD + Flu group were higher than those in the Flu group and KD group, which demonstrated that the manifestations of KD with concomitant infl uenza were not entirely due to the KD infl ammatory response and that the infl uenza virus may play an important role in the total infl ammatory response. Furthermore, the fever duration in the KD + Flu group was longer than other groups, indicating that more serious infl ammation occurred in KD with concomitant infl uenza infection. Because of these factors, clinicians should be aware of the possibility of KD with concomitant infl uenza when a longer fever duration is observed in infl uenza or KD patients. Moreover, because patients in the KD + Flu group exhibited fewer principal clinical manifestations of KD, the high CRP and ESR may help diagnose incomplete KD.
Infl uenza can exacerbate a number of diseases, including cardiovascular disease and diabetes, and can lead to viral pneumonia, secondary bacterial pneumonia or other viral/ bacterial infections. Infl uenza is a more common cause of mortality in cardiovascular disease patients than in patients with other chronic diseases (17) . Our results demonstrate that the CK-MB values in the Flu group were higher than in the KD group, and CK-MB abnormalities were observed more frequently in the KD + Flu group and Flu group than in the KD group. The coronary lesion rate was higher in the KD + Flu group than in the KD group (53.3% vs. 40%). Based on the above evidence, we conclude that the infl uenza virus promotes cardiovascular damage in KD patients.
Previous studies have suggested that delayed therapy for KD or incomplete KD is associated with an increased risk of coronary artery aneurysms (18) (19) . In the present study, because KD patients with concomitant infl uenza infection too longer to diagnose, the fever duration before IVIG was longer for patients in the KD + Flu group than in the KD group. Patients often exhibited insuffi cient criteria for KD diagnosis, such as bilateral conjunctival injection, which was documented less frequently in KD patients with infl uenza, and this lack of criteria may have delayed the diagnosis. Additionally, this lack of criteria may explain why incomplete KD was observed more often in the KD + Flu group. In our study, although the coronary lesion rate was higher in the fi rst group, we could not detect a signifi cant difference between the KD + Flu group and the KD group. These potential differences may require additional study to confi rm.
It is necessary to note that Reye's syndrome can occur in children who take salicylates while they are experiencing active infection with varicella or infl uenza; this condition has been reported in patients taking high-dose aspirin for a prolonged period of time after KD (20) . Kawasaki disease patients in this study were treated with aspirin, and the rate of Reye's syndrome was zero, but vigilance is still necessary. Other antiplatelet drugs, such as clopidogrel or dipyridamole, avoid such risk, but their effects should be studied more thoroughly.
In conclusion, influenza infection affects the clinical manifestations, laboratory test results, diagnosis, and treatment of KD, but the potential contribution of infl uenza to KD etiology requires further study.
